Research of macrophyte vegetation of the artificial water reservoirs was carried out during the vegetation season of 2008 in the Krupinská planina Mts. (southern part of central Slovakia). Twenty-one reservoirs were studied and twenty plant communities from the Lemnetea, Potametea and Phragmito-Magnocaricetea classes were found. Potametum acutifolii is a new aquatic community for the territory of Slovakia that was found in the reservoir near Hrušov village in intermediately deep, slightly alkaline water with a relatively low content of soluble mineral matters, a high water transparency and a silt-clay sediment on the bottom. Moisture was the main environmental gradient of the studied vegetation explained by Ellenberg′s indicator values. Species richness was significantly negatively correlated with water depth. The correlation between the area of reservoirs and the number of detected plant communities was weak and non-significant. Changes of macrophyte vegetation were studied on the case of three reservoirs. Detected changes were caused mainly by human activities or water level fluctuations within the studied period. Key words: aquatic and marsh vegetation, plant community changes, ecology, DCA.
iNTRODuCTiON
Anthropogenic aquatic habitats as water reservoirs are unique localities in cultural and human-exploited landscape. Their value increases when natural aquatic habitats are destroyed or strongly changed by human acitivities. in that case, they represent substitute habitats for indigenous aquatic and marsh vegetation. in the past, the information about vegetation of artificial aquatic habitats in the teritorry of Slovakia was relatively scarce (e.g. Oťaheľová & Husák 1992) . More intensive research started recently (Hrivnák 1999 , Oťaheľová 2005 , Jursa & Oťaheľová 2005 , Oťaheľová & Oťaheľ 2006 . until this period, research activities of botanists had been concentrated on natural aquatic habitats with stagnant water (e.g. river oxbows or natural flooded terrain depressions), which are situated in the val-leys of bigger rivers such as the Danube, Morava or Latorica (e.g. Šomšák 1963 , Oťaheľová 1980 , Oťaheľová & Husák 1982 , Oťaheľová & al. 1994 . in general, research of aquatic and marsh vegetation was concentrated into areas with its optimum occurrence, i.e. mainly lowlands and uplands of southern and south-eastern parts of Slovakia. Altitudinally higher and more northern areas have been neglected for a relatively long time. Similarly, research of artificial aquatic habitats started in the last years and data from several Carpathian basins and mountains were published (e.g. Hrivnák 2002a , Hrivnák & al. 2004 , Hrivnák & Kochjarová 2008 , Oťaheľová & al. 2008 . Krupinská planina Mts. is an interesting region of Slovakia where no hydrobotanical research has yet been performed ( Fig. 1 ). i chose this area for the study of macrophyte vegetation of the artificial water reservoirs from following reasons: 1) the study area is situated on the border of two phytogeographical regions, southern part in the Pannonicum and northern part in the Carpaticum regions (cf. Futák 1980) , which reflects mainly different climatic characteristics; 2) there are enough appropriate habitats (artificial water reservoirs) for the study to be relatively representative; 3) no complex research of macrophyte vegetation has been done in the study area; 4) there is only limited knowledge on plant communities of artificial water reservoirs from the past, but some of the information available is suitable for a comparison with the results presented in this paper (e.g. Hrivnák 1999; Hrivnák 2002b Hrivnák , 2004 . Therefore, the main aim of this work is a complex phytosociological and ecological evaluation of macrophyte vegetation of the artificial water reservoirs in the Krupinská planina Mts., including evaluation within a broader regional context as well as comparison of changes of selected water reservoirs.
STuDy AREA
Macrophyte vegetation was studied in the Krupinská planina Mts (Fig. 1) . The mountain is situated in the southern part of central Slovakia with altitudinal range from the lowland to the submountain level. it is a typical volcanic mountain range formed mainly of andesites. From the hydrological point of view, the study area belongs to the ipeľ river catchment area with the following larger rivers and streams: Krupinica, Litava, vrbovok, Plachtinský potok and Krtíš. A substantial part of the area belongs to the warm or moderately warm region with a mean annual air temperature and a precipitation total of 6 to 7 ºC and 600 to 700 mm, respectively (Miklós 2002) . Twenty-one artificial water reservoirs with various areas, recent uses and statuses were studied and their characteristics are briefly presented in Table 1 .
METHODS
Phytosociological relevés were taken according to the Zürich-Montpellier approach. Only stands with at least the minimum areas recommended for this type of vegetation were recorded (Chytrý & Otýpková 2003) . Macrophyte vegetation data were collected in 2008. Fifty-three phytosociological relevés were collected. All the relevés were stored using the TuRBOvEG database (Hennekens & Schaminée 2001) and then exported and processed by the JuiCE software (Tichý 2002) . Further, they were analysed by TWiNSPAN (Hill 1979 ) with application of the dominance principle. CANOCO 4.5 for Windows package (ter Braak & Šmilauer 2002) was used for a detrended correspodence analysis (DCA); species percentage data with logarithmic transformation were used and rare species were downweighted. For the ecological interpretation of major gradients of the studied wetland vegetation, average nonweighted Ellenberg′s indicator values of vascular plant species (Ellenberg & al. 1992 ) were plotted onto a DCA ordination diagram as supplementary variables. The associations between some selected environmental and species variables were expressed by Spearmann correlation coeficients using the STATiSTiCA software (StatSoft 2001) . Water reaction and conductivity were measured in selected water reservoirs by pH-meter/conductometer WTW pH/Cond 340i. The position and area of the studied sites was obtained using GPS eTrex Summit fy Garmin and GiS (Arcview programme) from digital orthophotomaps with a resolution of 1 m to pixel. Data from older papers (Hrivnák 1999; Hrivnák 2002b Hrivnák , 2004 were used for a comparison of diversity and plant communities changes within selected water reservoirs.
The nomenclature of plants follows Marhold and Hindák (1998) ed reservoirs near human settlements. A similar characteristic is generally typical for this community in various European countries (Schratt 1993 , Oťaheľová 1995a , Coldea 1997 , although its ecological amplitude is markedly broader (Tomaszewicz 1979 (Tomaszewicz , Šumberová 2007 . in Slovakia, the occurrence of this community is known mainly from lowlands and basins in the southern part of the country (Oťaheľová 1980 (Oťaheľová , 1995a Oťaheľová & al. 1985 Oťaheľová & al. , 1994 Zlinská & Kubalová 2001 , Hrivnák 2002c . Ceratophyllum demersum overgrew the water reservoir Plášťovce (Fig. 2) , where the mentioned dominant species created large, dense, submerged and species-poor stands. Association Ceratophylletum demersi frequently occurs in Slovakia (Oťaheľová 1995a) . Hrivnák (2002c) reported about the occurrence of Lemnetum minoris in a water reservoir near the Hrušov village, which was not confirmed within recent research. Regarding the diversity of the detected plant communities and number of relevés, the communities of the Potametea class were relatively better represented (Tab. 2). Stands with the dominance of species of the genus Potamogeton were mainly found. Among the broad-leaved species of this genus, P. natans was more frequent than P. nodosus. Potametum natantis (Fig. 3 ) created closed or moderately open stands in deeper waters. Dominant species of this community (P. natans) often grew also in other aquatic and marsh plant communities. On the territory of Slovakia, Potametum natantis is relatively frequent and occurs from the lowland up to the montane level (cf. Oťaheľová 1995b; Hrivnák 2002b; Hrivnák & al. 2004 . Potametum nodosi grew in the littoral of the water reservoir Kosihovská Bukovina (Fig. 4) . Data about this community from Slovakia indicated its occurrence mainly in running waters (Oťaheľová 1995b ). The community is rare in stagnant waters (e.g. Oťaheľová 2005) , although the dominant species P. nodosus has an optimum of occurrence from stagnant to moderately flowing waters (Willby & al. 2000) . The last detected community from the Nymphaeion albae alliance is Polygonetum amphibii (Fig. 5) . The association formed open and smaller stands in shallow to moderately deep waters. Among vegetation of the linear-leaved submerged species of the genus Potamogeton, Potametum pectinati, P. trichoidis and P. acutifolii associations were found, but their occurrence was relatively rare. Potametum pectinati formed larger stands in the water reservoir near Čekovce village, Potametum trichoidis occurred fragmentarily in the water reservoir Kozí vrbovok. The former association occurs relatively often in Slovakia (cf. Oťaheľová 1995b). On the other hand, reports about the latter association are very rare (e.g. Háberová & Karasová 1991 , Hrivnák 2002b , Kubalová 2009 ). Potametum acutifolii is a new community for the territory of Slovakia (cf. Oťaheľová 1995b , Jarolímek & al. 2008 . Stands of this community were found in the water reservoir near Hrušov village where it formed mosaic stands with Potametum natantis. in the Potametum natantis stand, Potamogeton acutifolius was found in the past (cf. Hrivnák 2002b). The dominant species P. acutifolius occurred in almost all plant communities within the reservoir (cf. Tab. 2 a 3). in addition to the mentioned dominant species, floating hydrophytes (Potamogeton natans and Lemna minor) in deeper water and helophytes in shallower water were detected in the stands of Potametum acutifolii (Tab. 2, rel. 11). The water was 70-100 cm deep, slightly alkaline with a relatively low content of soluble mineral matters (cf. Tab. 1) and with a high water transparency (95 cm measured by Secchi disk). The bottom was formed of fine material (silt-clay sediment). Low concentrations of ammonia (0.126 mg/l) and nitrites (0.154 mg/l), and slightly higher values of nitrates (2.189mg/l) and phosphates (1.328 mg/l) in water were detected. in general, this community grows in small ponds, in shallow and eutrophic, neutral or alkaline water with various sediments on the bottom (Tomaszewicz 1979; Rydlo 2005 Rydlo , 2006 Nowak & al. 2007 ). Stands are species-poor and in addition to dominant species P. acutifolius, various aquatic plants grow in stands of this community (Tomaszewicz 1979 , Nowak & al. 2007 , Šumberová & Hrivnák 2010 . These facts are similar to those identified in the Krupinská planina Mts. Among Central European countries, the community rarely occurs in Poland (Matuszkiewicz 2001 , Nowak & al. 2007 ), the Czech Republic (Šumberová & Hrivnák 2010) and Germany (Pott 1992) . it is interesting that in the Czech Republic Potamogeton acutifolius is quite abundant (Kaplan 2001 ), but stands with its dominance are rare (Šumberová & Hrivnák 2010) .
The most diverse groups of the studied vegetation are the marsh communities, where 12 associations were detected. More than a half of them belong to typical littoral marsh communities of the Phragmition communis alliance. The most frequent are Typhetum latifoliae, T. angustifoliae and Sparganietum erecti. All are frequent not only in the studied area, but within the whole territory of Slovakia (Oťaheľová & al. 2001) . Species composition reflects the actual ecophase (sensu Hejný 1960) : in addition to dominant species, true aquatic species (Lemna minor, Potamogeton spec. div.) grow in the littoral ecophase, the number of typical marsh species increases with a decrease of water level and species of eutrophic sediments such as Bidens spec. div., Persicaria hydropiper or Leersia oryzoides grow in the limose ecophase. Less frequent are the following 4 communities: Glycerietum aquaticae, Phragmitetum vulgaris, Scirpetum lacustris and Equisetetum limosi. Equisetetum limosi is interesting for its occurrence in water reservoirs near Duchenec (Fig. 6) and Riečky villages. This association has a borealsubatlantic distribution (Balátová-Tuláčková & al. 1993 ) and in Slovakia it occurs from the upland to the montane levels and very rarely also in lowlands (cf. Oťaheľová & al. 2001) . Accessible data about this association in Slovakia are relatively rare and data from phytogeographical region ipeľsko-rimavská brázda are absent at present. The Magnocaricion elatae alliance is represented only by two associations, Caricetum vesicariae and Phalaridetum arundinaceae. Both of them are rare in the study area and the occurrence of the former one is fragmentary. Glycerietum fluitantis and Leersietum oryzoidis grew on silted and deep sediment within inflow parts of reservoirs. The water was shallow or sometimes only the sediment was waterlogged. Similar ecological characteristics were typical also for Eleocharitetum palustris, stands of which were found in the water reservoir of Kosihovská Bukovina from shallow to moderately deep water. The community survives well within disturbed habitats, too. Great water level fluctuation is typical for all three communities. Similar characteristics were reported from several European countries (e.g. Balátová-Tuláčková & al. 1993 , Coldea 1997 , Oťaheľová & al. 2001 , Stančič 2007 .
Based on the Ellenbergs indicator values, i detected that the main environmental gradient is clearly the factor "Moisture" (Fig. 7) . This factor correlates most closely with the first DCA axes (-0.78). Along the moisture gradient, individual communities were arranged more or less according to the natural hydrosere of habitats with stagnant water. From the left to the right side of the DCA ordination graph, aquatic communities of the Potametea class are the first displayed, followed by pleustophyte vegetation of the Lemnetea class and littoral communities of the Phragmition communis alliance and finished by marsh vegetation of shallow waters of the upper littoral of the Magnocaricion elatae, Sparganio-Glycerion and Oenanthion aquaticae alliances. True aquatic plants, such as species of the Potamogeton genera, Persicaria amphibia f. natans or some helophytes such as Phragmites australis, Schoenoplectus lacustris or Typha angustifolia (left side of Fig. 7 ) are typical for permanent and deeper waters. Wet meadow species (e.g. Poa trivialis, Myosotis scorpioides agg. or Juncus effusus), some nitrophilous, liana species or species of exposed substrates (e.g. Urtica dioica, Calystegia sepium and Alopecurus aequalis) are displayed on the other side of the moisture gradient (the right side of Fig. 7 ).
Species richness increases with decreasing water depth. The correlation between the number of species and water depth in individual relevés is statistically significant (P < 0.001), although the correlation coefficient is relatively low (Spearman's r = -0.506). The same is indicated by Fig. 7 , where a negative correlation between moisture and the number of species (r = -0.555, P < 0.001) is obvious. it is caused by the presence of true aquatic plants as well as marsh and wet meadow species in shallower waters, representing appropriate conditions for all species groups. interaction between the size of individual reservoirs and number of detected plant communities is weak and non-significant (r = 0.436, P = 0.1). Reservoirs with relatively small size can be rich in macrophyte vegetation (Hrušov; Fig. 8 ), in contrast to large reservoirs (Kozí vrbovok; Tab. 1). Diversity of plant communities is probably influenced by the heterogeneity of environmental conditions, mainly in the littoral of reservoirs (e.g. type of substrate, reservoir profile, morphometrical characteristics). (6) and Cerovo, veľký Šiaš (13). For these reservoirs, relatively the most detailed information about the studied vegetation types was available (Table 4) . The most important changes were detected in the case of the first-mentioned reservoir (Drienovo). Three plant communities were found at this location in the past, but no community was detected during the recent research; only their fragments affected by strong human impact grew in the littoral of the reservoir (Fig. 9) . The locality is situ- Legenda: * Le -Lemnetea, Po -Potametea, Pm -PhragmitoMagnocaricetea; celotna glava popisov z večjo natančnostjo lokacije je shranjena v Slovaški nacionalni fitocenološki podatkovni bazi (http://ibot.sav.sk/cdf/index.html). Tip sedimenta: F -anorganski ali organski fini sediment, S -kamenje ali umetni kamniti sediment. Hrivnák (1999; 2002a, b; 2004) , **this paper. *Starejše objave - Hrivnák (1999; 2002a, b; 2004) , ** v tem delu.
